
Recommendations	for	Setting	Biological	
Goals:	Natural-Origin	Chinook	&	Steelhead		

Panel	Interpretation	of	Charge:	
•  How	should	we	evaluate	status	and	trends	and	

population-level	responses	of	Chinook	salmon	
and	steelhead	to	flow	and	habitat	restoration	
actions?	
•  Inform	progress	towards	biological	goals	
•  Inform	adaptive	management	decisions	
•  Cumulative	rather	than	action-specific	responses	

	
	
	



Recommendations	for	Setting	Biological	
Goals:	Natural-Origin	Chinook	&	Steelhead		

Criteria	for	Evaluating	Population	Viability	&	Response	to	
Actions	
Density	Dependence	
Stock	Recruitment	framework	

	Defining	productivity	
	Accounting	for	density	dependence	
	Quantifying	Benefits	of	Restoration	Actions	
	Hatchery	effects	
	Time	Frame	

Data	Requirements	&	Limitations	
Key	Recommendations	

		
	



Criteria	for	Measuring	Population	Viability	
and	Response	to	Actions	

Viable	Salmonid	Population	Metrics	
	

	Abundance	(natural	origin)	
	 	Number	of	Recruits	(catch	&	spawners)	
	 	Number	of	juveniles	

	
	Productivity	
	 	Smolts	(juveniles)	per	spawner	
	 	Adult	recruits	per	spawner	(R/S)	
	 	Intrinsic	(maximum)	productivity	at	low	density	
	 	 	 	(viable	if	R/S	>	1)	
		

	
	
	



Criteria	for	Measuring	Population	Viability	
and	Response	to	Actions	

Viable	Salmonid	Population	Metrics	
	Diversity	
	 	Life	history	diversity	(size,	age,	timing	of	outmigrants;	adult	age)	
	 	Genetic	diversity	

	Diversity	provides	population	stability,	resilience,	and	persistence	

	 	Habitat	diversity	supports	population	diversity	
	Spatial	Structure	
	 	Geographic	distribution	of	meta-population	
	 	 	Reduces	risk	of	catastrophic	events/failure.	

	
	

	
	
	



Density	Dependence		

Critical	for	population	resilience	at	low	
abundance	

Previously	thought	to	be	minimal	in	ESA-
listed	salmonids	

Especially	important	for	hatchery-
supplemented	populations	

Spawners	needed	to	achieve	viability	can	
be	estimated	if	SAR	is	known	

Relationship	can	inform	restoration	
actions	involving	capacity	and	
productivity	

Spawner-Recruit	relationships	reflect	
density	dependence	
	
	

		
	

	
	
	
	
(ISAB	2015)	
	
	

Snake	R	spring/summer	Chinook	salmon	



Productivity	

#	of	adult	returns	
produced	from		
fish	spawning	in	year	‘t’	
pre-fishery	abundance	=	Catch	+	Spawners	

#	of	Spawners	

Productivity	
(fecundity·survival)	

R	=	S·π    or     R/S=π
π>1	for	population	to	grow	
	
Productivity	(recruits/spawner)	

•  Determines	rate	of	recovery	

•  Sustainable	exploitation	rate	

•  Determined	in	part	by	spatial	and		
								life	history	diversity,	and	determines		
								abundance	in	long-term	



Productivity	by	Life	Stage	

#	of	adult	returns	
(pre-fishery)	

#	of	spawners	

productivity	in	tributary	
(smolts/spawner)	

R/S	= πtrib	·	πdelta	· πocean+harvest+pre-spawn

πtrib	· πdelta	· πocean+harvest	>1	for	population	to	grow

survival	rate	in	delta	

survival	rate	estuary-to-spawning	

πtrib

πincubation	 πsummer πdispersal



Effect	of	Harvest	

Required	tributary	productivity	to	allow	population	growth	
depends	on	delta	and	ocean	survival	rate,	and	allowable	
exploitation	rate

exploitation	rate	

R/S>	1	= πtrib	·	πdelta	· πocean	·	(1-U)

for	population	to	grow	 Proportion	of	return	
not	harvested	



Stock-Recruitment	Relationships	account	
for	Density	Dependence	in	Survival	Rates	

R	=	S	·	exp(α-β·S)

log	of	productivity	
exp(α)	=	π

density-dependent	term	

log(R/S)=	α - β·S



Including	Effects	of	Flow	or	Habitat	on	
Tributary	Spawner-Smolt	Stock-Recruitment	

Relationship	

baseline	

more	flow	or	habitat	
enhancement	

log(R/S)=	α -β·S	+	γ·F

γ·F	

flow	
effect	

flow	
Replacement	
line	

higher	lower	

survival	rate	in	Delta	and	ocean	(smolt-adult	survival	rate)	



Example	of	Tributary	Stock-Recruitment	
Relationship	

log(Rt/St)	=	α - β·St	+	γ·Ft

Natural	(slow)	decline	in	flow	over	summer	(Jul-Sep_	

Unstable	and	highly	variable	summer	flow	

additive	flow	effect	
in	year	‘t’	

Egg	Deposition	(‘000s)	
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Separation	of	Flow	vs.	Habitat	
Construction	

log(Rt/St)	=	α - β·St	+	γ·Ft	+	δ·Ht

additive	flow	effect	
in	year	‘t’	

additive	habitat	effect	
in	year	‘t’	

log(Rt/St)	=	α - β·St	+	γ·Ft·Ht

additive	flow	&	habitat	
effect	in	year	‘t’	

What	you	would	like	to		
be	able	to	do:	Estimate	
separate	flow	and	habitat	effects	

What	you	will	probably	be	
able	to	estimate:	A	combined	
flow-habitat	effect	



Separation	of	Hatchery	and	Flow	or	
Habitat	Effects	

Rt	=	St’	·	exp(α - β·S’t	+	γ·Ft)	

S’t	=	S	·	(1-pHoS	·	φ)	

effective	spawners	

total	spawners	

proportion	
hatchery-origin	
spawners	
easier	to	estimate	

degree	of	reduced	
reproductive	potential	
of	hatchery-origin	
spawners	
hard	to	estimate	



Factors	Influencing	Reliability	of		
Flow-Habitat	Effectiveness	Monitoring	

•  Accurate	and	precise	estimates	of	escapement,	pHoS,	
smolt	production,	harvest,	etc.	will	reduce	observation	
error	and	make	it	easier	to	detect	flow	and	habitat	effects	

	
•  Experimental	design	
–  #	of	replicate	years	under	each	treatment	
–  magnitude	of	treatments	(%	unimpaired,	habitat,	water	year	
type)	

–  4-5	generations	(15-20	years)	to	get	a	somewhat	reliable	
answer	based	on	juveniles	or	adult	returns	

–  sequencing	of	flow	and	habitat	construction,	changes	in	
hatchery	practices	



Data	Requirements			
Salmon	“brood	table”:	
	
Progeny	produced	by	parent	
spawners	
	
Run	reconstruction	needed	to	
create	brood	tables	for	each	
population	
	
Brood	table	data	used	to	create	
spawner-recruit	relationships	
	
	
	
Example	based	on	Kvichak	sockeye	salmon.		Not	all	ages	shown.	



Data	Requirements	&	Limitations	
Spawning	Escapement	

	Total	counts	of	male	and	female	spawners	
	 	Each	watershed	
	 	Each	run-type	(spring,	fall,	winter,	etc.)	
	 	GrandTab	
	 	Age	composition	
		
	pHOS	(proportion	of	hatchery	origin	spawners)	

	Each	watershed	(Palmer-Zwahlen	et	al.	2018,	Willmes	et	
al.	2018)	

	 	Age	composition	
	 	Estimates	for	earlier	years	

	
Steelhead: 	data	appear	to	be	insufficient	for	natural	origin	

steelhead.			
Limits	development	of	biological	goals	for		
natural-origin	steelhead	

	 		
		

	
	
	
	
	



Data	Requirements	&	Limitations	
Population	Specific	Catch	Estimates	
	

	Fall,	Winter,	Spring	Run	Chinook	Salmon	
	Commercial,	sport,	Tribal	
	 	Natural	Origin	
	 	Hatchery	Origin 		
	Age	composition	

	

CWT-Based	estimates	for	hatchery	fish	
	(Barnett-Johnson	et	al.	2007,	Kormos	et	al.	2012,	Palmer-Zwahlen	et	al.	2013,	2018)	

	
Natural	origin	estimates	for	each	population?	

	 	Could	use	run	reconstruction	techniques	
	

		
		

	
	
	
	
	



Data	Requirements	&	Limitations	

Tributary	Outmigrant	Estimates	
	Total	population	estimates	
	 	Fry,	fingerling,	smolts	(mark-recapture)	
	 	Run-type	(winter,	spring,	fall)	
	 	Origin	(natural,	hatchery)	

	
	Single	population	metric	to	estimate	smolts	per	spawner		
	Juvenile	size	at	age	

	
	
	



Data	Requirements	&	Limitations	
Juvenile	Survival	through	the	Delta	
	
	Acoustic	tag	studies		

(large	hatchery	salmon	bias;	proportional	to	wild?)	
	

	Coded-Wire-Tag	studies	
	 	 	(smaller	hatchery	salmon	bias)	

	
	Incorporate	survival	index	into	quantitative	model	(π	deo)	
		

	
	
	
	
	



Recommendations	for	Setting	Biological	Goals	

Viable	Salmon	Population	criteria	(VSP)	
		
	Abundance	&	productivity	
	 	 	Most	intuitive	
	 	 	Develop	from	stock-recruit	relationship	
	Diversity	&	spatial	structure	
	 	 	Stability	&	resilience	

	



Recommendations	for	Setting	Biological	Goals	

Productivity	
	Intrinsic	(maximum)	productivity	
	 	Spawner	to	smolt	stage	(reflects	watershed	actions)	
	 	 	productivity	needed	given	smolt	to	adult	survival	
	 	Spawner	to	adult	
	 	 	 	Viable	if	≥	1	

	
Productivity	estimated	from	spawner-recruitment	model	
	
Trend	in	intrinsic	productivity	estimated	with	state-space	approach	to	
evaluate	if	conditions	are	improving	
	
Is	population	viable	if	all	hatchery	fish	excluded?	
	
	
	



Recommendations	for	Setting	Biological	Goals	

Abundance	
	Adults	or	progeny	produced	by	spawning	parents	

	
	Number	of	spawners	leading	to	maximum	production	of	
juveniles	or	future	adults	

	

	

	



Recommendations	for	Setting	Biological	Goals	

Diversity	
	pHOS:	proportion	of	hatchery-origin	salmon	on	
spawning	grounds	
	Age	composition	
	Both	metrics	needed	to	estimate	productivity	and	
abundance	

Spatial	Structure	
	Increase	number	of	spawning	populations	

	
	



Recommendations	for	Setting	Biological	Goals	

Action	Effectiveness	Monitoring:	
Covariate	stock-recruitment	estimation	approach	for	
quantifying	benefits	for	salmon	and	steelhead	associated	
with	flow,	habitat	improvements/restoration,	and	changes	in	
pHOS	

	
Timeframe	for	progress:		

	A	few	decades,	depending	on	data	quality,	experimental	
design,	and	environmental	variability	
	Timeframe	could	be	shorter	if	specific	life	stages	targeted	
with	specific	effort	
		

	



Some	General	Conclusions	
•  Ecosystem	

	Develop	quantitative	biotic	and	abiotic	goals	separately	for	
the	estuary	and	tributary	rivers	
	Both	structural	and	functional	quantitative	metrics	should	be	
assessed	for	ecosystems	

•  Other	Fishes	
Evaluate	both	native	and	non-native	fish	species	
Eight	approaches	are	presented	for	other	fishes	that	may	be	
used	to	set	and	evaluate	progress	towards	biological	goals	

•  Salmonids	
Use	Viable	Salmonid	Population	(VSP)	criteria,	especially	
productivity	&	abundance	within	stock-recruit	framework	
Incorporate	pHOS	into	VSP	analyses	


